


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1975-03 


The effect of breathing 100 percent oxygen 
on short term memory of military officers. 


Marsden, Richard Alan 


Monterey, California. Naval Postgraduate School 
http://hdl.handle.net/10945/20830 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (N D U DLEY research materials and institutiona! publications created by the NPS community. 
«ist Ser Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


v KNOX appointed — and published -- scholarly author. 

W LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 






THE EFFECT OF BREATHING 100 PERCENT OXGEN 
ON 
SHORT TERM MEMORY OF MILITARY OFFICERS 


Richard Alan Marsden 

















KT Hee E Pr 
| EWI En W SPU, 









ye Sa, |; Sum 
väk kana E € 
== Ao EA 
THE EFFECT OF BREATHING 100 PERCENT OXYGEN |} 
ON 


SHORT TERM MEMORY OF MILITARY OFFICERS 


by 


Richa c Alan Mersden 


March 1975 


Wiesis Advisor: Cane PO Oc 


A A sa I W REX IIN 








Approved for public release; distribution unlimited. 


1168195 





- UNCLASSIFIED _ ______ | | 


SECURITY CLASSIFICATION OF THIS PAGE (When Datz Entered) 
















=- READ INSTRUCTION | | 

fT. REPORT NUMBER a 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER 
4. TITLE (end Subtitle) — 5. TYPE OF REPORT & PERIOD COVERED 

n . t ` . 
The Effect of Breathing 100 Percent Oxygen! Master's Thesis; 

on March 1975 
Moi omuenonye of Military Officers jf PERFORMING ORG. REPORT NUMBER 

7. AUTHOR(2) 8. CONTRACT OR GRANT NUMBER(a) 


Richard Alan Marsden 


ä N SS Sy rere A 
9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT, PROJECT, TASK 
AREA & WORK UNIT NUMBERS 


Naval Postgraduate School 
Monterey, California 93940 





111. CONTROLLING OFFICE NAME AND ADDRESS. X 12. REPORT DATE | 
March l975 | 
Naval Postgraduate School TA TI ae 
Monterey, California 93940 53 
4. MONITORING AGENCY NAME & ADDRESSI!( different from Controlling Office) 15. SECURITY CLASS. (af thie report) 
Naval Postgraduate School Unclassified 


Monterey, California 93940 i 


15a. DECLASSIFICATION/ OOUNGRADING 
SCHEDULE 





16. DISTRIBUTION STATEMENT (of thie Report) 


Approved for public release; distribution unlimited. 


117. DISTRIBUTION STATEMENT (of the abetract entered In Block 30, if different from Report) 


18. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on reverse olde lí nocestary and icentity by block numöer) 
Short Term Memory 
fee Oxygen Breathing 


20. ABSTRACT (Continue oc: :overes eide if nacecsery and identity by block number) 


Using a serial short term memory task, subjects were required 
¡to respond to symbols presented one-back, 2-back, and 3-back from 
@eeeucomly presented list of four different symbols while breath- 
ing either 100 percent oxygen or atmospheric air with an oxygen 
mask. The purpose of the experiment was to determine whether 
breathing 100 percent oxygen had an effect on short term memory. 


t 





y 











DD ¿5% 5, 1473 EDITION OF 1 NOV 65158 OBSOLETE 


KN UNCLASSIFIED 
(Page 1) 2 00 N 1 SECURITY CLASSIFICATION OF THIS PAGE (Whon Dota Entered) 





UNCLASSIFIED 


SECURITY CLASSIFICATION OF THIS PAGE(Hhen Deta Entered; 


Mee Abstract 


mails is tor the data collected from 36 subjects showed that 
Breathing pure oxygen had no effect on the subjects' short term 
memory ability over a 12 minute period. This result is in 
ect contrast to previously reported results, 


O id 


UN OA S SIIN ED: nn 


an (o 
a : a arene 
S/N 0102-014-6601 y SECURITY CLASSIFICATION OF THIS PAGE(Whan Date Encered) 





DD Form, 1473 (PACK) 


Mere ect or Breathing IOO Percent Oxygen 
on 
short Term Memo Moa a tary Officers 


by 


Richard Alan, Marsden 
Lieutenant Commander, United States Navy 
B.A., Kalamazoo College, 1963 


Submitted in partial fulfillment of the 
reguirements for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEARCH 





ABSTRACT 


Using a serial short term memory task, subjects were 
required to respond to symbols presented one-back, 2-back, 
and 3-back from a randomly presented list of four different 
symbols while breathing either 100 percent oxygen or atmos- 
pheric air with an oxygen mask. The purpose of the experiment 
was to determine whether breathing 100 percent oxygen had 
an effect on short term memory. Analysis of the data 
collected from 36 subjects showed that breathing pure oxygen 
had no effect on the subjects’ short term memory ability over 
minute period. This result is in direct contrast to 


previously reported results. 
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I. THE PROBLEM 
feet oS LOLOGICAL AND OTHER EFFECTS OF 100 PERCENT OXYGEN 

ON MAN 

Ihe breathing of i100 percent oxygen has been reported 
to cause adverse physiological and psychomotor effects in 
normal human beings. In this section, a number of effects 
will be discussed and proposed causes will be examined. 
Gauses for all effects are far from being completely under- 
stood. 

One of the interesting effects of high oxygen concentra- 
tion in the blood has been reported by Lambertsen, et al. 
Bee and Supported by Womack (1961). Lambertsen reports: 

Ence Paul Bert first demonstrated that general- 
ized convulsions can be produced by prolonged inhala- 
tion of oxygen at pressures greater than 1 atmosphere, 
the paradox of central nervous system intoxication by 
an excess of this essential gas has stimuiated much 
experimentation and debate." 

Lambertsen's research demonstrated a 15 percent decrease in 
cerebral blood flow after one hour exposure to 100 percent 
oxygen at sea level pressure; and a 25 percent decrease in 
al blood flow at 3.5 atmospheres of pressure. The 
effeets Occurred with no significant loss of oxygen to the 
brain. Lambertsen proposed the effects as direct causes of 
Amas ios. Citing this research and others, Womack sug- 
gests using only a 35 to 50 percent concentration of oxygen 


Me ating certain medical problems due to the anticipated 


dangers of using 100 percent oxygen in treatment. 





Benmoe, et al. (1945) discussing oxygen toxicity effects 
at sea level and at 18,000 feet altitude, further lend 
Support to adverse effects of breathing pure oxygen for 
periods of time greater than 24 hours. An interesting result 
Of this study is that the effects reported were not present 
at the higher altitude. Among the effects demonstrated on 
healthy subjects between 19 and 31 years of age were sub- 
sternal distress (described as an ache behind the sternum 
that became sharp and severe during inhalation); cough, sore 
throat and nasal congestion; eye irritation, fatigue, pain 
in joints (as in bends), tingling in the extremities, muscle 
meme, hoarseness, and dizziness or lightheadedness. While 
Meese effects were not universal in all 90 subjects observed, 
the percentage of occurrence in most cases was significant. 
The authors of this study made the following observation: 

"We feel that the clinican must bear in mind that 

oxygen is a drug and must be used in accordance with well 
Mm eoegm1zZed Dharmacologic principles; 1.e., since it has 
certain toxic effects and is not completely harmless (as 
widely believed in clinical circles) it should be given 
Only in the lowest dosage or concentration required by the 
Particular patient." 

The authors stated that use of 100 percent oxygen for short 

periods is probably safe. 

Dunn (1962) examined the proposition that gaseous 
nitrogen produces a degree of narcosis under normal or 
reduced pressures with the administration of several oxygen- 
nitrogen mixtures. The oxygen concentrations in the mix- 


Mees were 20, 25, 34, 40, 50, 60 and 80 percent. One 


Melsuut indicated that subjects who breathed oxygen-enriched 
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weur tered less fatigue in performing the experimental 
task (a monitoring and motor action task requiring a sus- 
tained effort and a high level of alertness) than those with- 
Maceche enriched air. This result conflicts with the report 
of Comroe, et al. discussed above, but is in agreement with 
that of Bills (1937). It was interpreted by Dunn as follows: 
"Such effects, although empirically firm; are not 
readily understood. They may be due to an increase in 
the amount of oxygen dissolved in blood plasma, or, as 
suggested by Hauty, et al. they may reflect compensation 
for the custom among flying personnel of breathing highly 
oxygenated air to offset fatigue." 

These results, while contrary to many of the current 
reports, help to illustrate some conflicting hypotheses that 
Rave been made concerning oxygen toxicity. They also point 
w the need for further study. 

Other effects of oxygen on the body and body functioning 
are discussed under separate headings below. 

1. Vision 

Miller (1958) and Beehler, et al. (1963) studied the 
effects of high oxygen concentrations from two viewpoints: 
enler from the standpoint of visual field and visual acuity, 
Mile Beehler studied physiological effects to the eye. 
Miller's finding was that use of 100 percent oxygen for 
Berıods up to four hours had no significant effect on visual 
field or acuity. Beehler reported profound eye damage in 
mature animals after exposure for 48 hours to 90-100 percent 


oxygen. Beehler made no direct comparison to possible 


Similar effects in man. 
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INES cEnomo tor Performance 


In an experiment performed by Scow, et al. (1950) 
using subjects breathing 100 percent oxygen at sea level and 
at a simulated altitude of 35,000 feet, no difference was 
found in performance on four tasks between the two altitudes. 
Ihe four tasks were: 

a. A Flicker Fusion Frequency Threshold Test. 

b. A pursuitmeter (a revolving drum with an irregu- 
lar slot in it which was followed by a pointer controlled by 
ne subject). 

c. Tremor (tested by an apparatus consisting of a 
pointer held by the hand in a small hole in a metal plate). 

d. Tapping (tested with a flat metal plate and a 
pointer with which the subjects tapped the plate as rapidly 
as possible for 45 seconds). 

SUMMARY. <A review of the literature on physiological and 
psychomotor effects of breathing high oxygen concentrations 
for lengths of time from one hour to 48 hours reveals 
mmaence fOr adverse physiological effects of oxygen. There 
mmalso experimental evidence for expecting no effect in 
such areas aS visual acuity, visual field and psychomotor 
performance. 

In a significant departure from the results cited 
above, Poulton (1974) reported that while breathing 100 per- 
cent oxygen during performance of a short-term memory task, 
a statistically significant decrement in short term memory 
capability was demonstrated. This decrement occurred over 


as short a period as eight minutes. If this result 
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fepresents a fact and can be duplicated, its implications 
for users of 100 percent oxygen are significant. Among 
Me users are military jet pilots who breathe 100 percent 
oxygen continuously while in the air. Poulton's results 
meovided the basis for the present research. Prior to 
describing the methods used to test the hypothesis of no 
oxygen effect, a number of major theories and models of 
short term memory will be reported, as well as the results 


Ot research into short term memory. 


fee THEORY OF SHORT TERM MEMORY 
in Definition of Terms 
Short term memory (STM) is a function of conscious- 
ness without which one could not perform successfully. STM 
leads to a longer term store of events, actions, patterns 
and other phenomena. STM is fed by stimuli which, according 
to a number of theories, are processed before they reach 
storage to become part of conscious recall. Fitts and 
Posner (1967) defined STM as "a system which loses informa- 
tion rapidly in the absence of sustained attention." They 
Meported a first type of storage as being a sensory one: 
INN melo ms io losieal, level, electrical pheno- 
mena associated with sensory stimulation of short dura- 
mon, such as a click or a l-millisecond flash, persist 
for at least several hundred milliseconds after the 
Event." 
It has been shown (e.g., the book by Vance Packard 


entitled The Hidden Persuaders) that such stimuli may not 


reach a conscious level in the individual. Beyond this 


13 





phenomenon are short and long term memory capabilities. 
Mie purpose of the present experiment is limited to the study 
of memory of short duration, or short term memory. 

The terms used to characterize short term memory 
differ among researchers. Some use short term memory. Others 
use the term primary to label the short term store. A number 
researchers view STM as a span, while others refer to the 
capacity of STM as a limit. STM is conceptualized as a trace 
by theorists such as Brown and Welford. All of the terms 
Gated above are used in the present paper. 

The question may arise: How short is STM? The 
duration has been specified by theorists as periods from a 
few seconds to several minutes. Fitts and Posner defined 
the term as about 60 seconds. More often STM is referred 
Bein terms of its capacity, or span. Fitts and Posner 
reported that, for college age students, the maximum number 
of items that can be stored with 50 percent accuracy was 
seven or eight. The number of items can be expanded to 
10-12 items with practice (depending on the type of item to 
be memorized). The number seven has been proposed by Miller, 
as reported in Norman (1969), as significant for the limit- 
ing number of many kinds of items that can be memorized. 

Sis tes sentia to human functioning. Examples of 
Masks involving STM are: a) ‘ton the spot" diagnosis of 
equipment malfunctions; b) predicting tracks and future 
Mesitions from an air traffic display; or c) being toid a 


marine of digits, a phone number, or a number to be entcred 
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mito a Calculator that is used in a matter of seconds 
Wancott, et al», 1972). 

STM has been experimentally studied from a number 
of points of view. One is designed to test the item capacity 
of the store. Fitts and Posner illustrated the method of 
esting the item capacity. 

"In a traditional memory-span experiment, a series 
of auditory or visual stimuli is presented at the rate 
of one item per second. As soon as the last item has 
been presented, the subject is asked to repeat the series 
in the order in which it was given. The number of items 
is varied to determine how many of them can be repeated 
Without error half the time. This task closely resembles 
Me everyday experience of looking up a telephone 
mumber." 

A second method for studying STM is to test the 
eects of intervening, or interpolated, stimuli on material 
eoe remembered. A third approach, serial short term 
memory, will be discussed later. 

AIN ecories or Short Term Memory 

Broadbent (1971) separated the study of STM into 
pre- and post-1958. Foliowing Brown (1958), Broadbent pro- 
posed that memory for more than a few seconds (i.e., STM) 
was facilitated by rehearsal. During rehearsal items to te 
remembered were continuously recirculated between a buffer 
storage, just after reception by the sense organs, and a 
limited capacity storage system. If intervening items were 
presented during rehearsal, a number of the original items 
would be lost from memory. Otherwise the original items 


would gradually be transferred to a longer term storage 


system. 





A modification to the basic theory came with the 
advent of information theory and its application to human 
performance. In Broadbent's words: 

ime the context or time, there was one apparent 

mtr culty in such a theory (his original theory: 

author's note), namely that the speed with which 

each item could be recirculated through such a 

system ought to depend upon the amount of informa- 

tion per item." 
Miller showed that information content was not the critical 
element in STM due to processes called "chunking" and 
"coding" of information. These terms will be clearly de- 
fined below. 

Since 1958 there has been a proliferation of writing 
on STM. Broadbent synthesized the results of the writings 
into areas of agreement and areas of disagreement. Of 
importance is that studies have been conducted concerning 
ee effect of interference on material to be learned. 
iMrerterence has been widely accepted as a technique for 
analysis of STM. In addition, the existence of a buffer 
Store and coding process have been generally accepted. 
Man item has been presented, it will enter this early 
stage of buffer storage, but unless some further process 
takes place within the first second or so, the item will be 
meet. (Broadbent, 1971). The "further process” that 
Broadbent refers to is coding. Norman, quoting from 
Miller's paper to which previous reference was made, dis- 
Musised the process of coding. (NOTE: coding takes place 


before the item's entry into a conscious level.) From 


Norman: 
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eiiteeaiwererences between our ability to retain 

things in immediate memory result from differences in 

the types of information processing involved. When 

we try to make an absolute judgment we are trying to 

encode information. That is, we are trying to cate- 

Bemaze the stimulus input according to previously 

learned Classifications." 
Norman stated that the encoded information is the material 
that is stored. Norman hypothesized that "we can improve 
Our apparent memory span by recoding or 'chunking' informa- 
tion"; chunking used as defined by Miller. Broadbent argued 
Mat coding (in his terms classification") occurs during 
Msmesception of the item. Perception occurs after the item's 
initial pass through the buffer store and before the item 
Ea recirculated to the buffer store. 

In citing areas of disagreement since 1958, Broadbent 
identified the nature of memory once a stimulus has been 
Categorized while it is vulnerable to intervening activity. 

MIME y Mat tims stage to be explained by the 
recirculating process championed by Broadbent (1958), 
albeit with a change in the recirculating information 
from its original sensory form to its new transformed 
and categorized version? Or is it possible to argue 
that, once a stimulus has been categorized, the infor- 
mation enters a simple memory system whose principles 
remain the same between periods of a few seconds and 
periods of days or weeks?" 

In the final conclusion Broadbent returned to his position 
of 1958 supporting the existence of a buffer store, a short 
term memory and a long term memory store (three stage 
System). This view is held by e number of researchers today, 
wouch some refer only to short and long term stores. 

Before moving from the discussion of theories of 


STM, some of the issues, or sub-theories, contained within 


the study of STM will be addressed. 
17 





a. Rehearsal 

The importance of rehearsaľ in STM has already 
been stated. Virtually all of the theories of STM acknow- 
ledge the necessity for rehearsal in maintaining a short term 
store. A number of experiments have addressed rehearsal and 
mae processes of interference with rehearsal. Brown (1958) 
found that leaving an interval of from 2-5 seconds between 
presentation of a stimulus and presentation of intervening 
Stimuli substantially improved the recall of the original 
Stimulus. In other research, Peterson and Peterson (1959), 
Murdock (1961) and Sanders (1961) report the maintenance of 
STM given rehearsal. Welford (1968) states: 

"The reasons for these rehearsal effects are not, 
however, entirely clear. To some extent rehearsal may 
deive CO keep the memory traces from decaying, but this 
Eamnot account for the increased resistance to inter- 
ference from intervening activity. Brown reported that 
many of his subjects made remarks which implied that 
they were somehow recoding the material during rehearsal 
or were applying mnemonic devices such as forming 
associations -- he mentions one subject who associated 
mae letters ND with the words 'National Debt'." 

Rehearsal can occur vocally or subvocally. The 
Be ect in an experiment can be observed or heard vocally 
repeating stimuli to be remembered. The subject's lips may 
also be seen moving in subvocal rehearsal. The subvocal 
rehearsal is a type of inner-communication rather than a 
conscious rehearsal. Both forms of rehearsal play an 
important part in STM. 

b. Decay Versus Interference Theories of STM 
Two opposing views of how material is lost from 


the short term store are the decay theory and the interference 
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theory. Decay theory proposes that material is lost from 
memory as a function of time. Interference theory attri- 
butes loss of material to interference from events occurring 
after presentation of material to be memorized. 

The decay theory has been tested experimentally 
by a number of researchers. Brown (1958) provided one of the 
earliest detailed descriptions of the theory. From Brown: 


"The basic hypothesis of this theory is that when 
something is perceived, a memory trace is established 
which decays rapidly during the initial phase of its 
Career. (By memory trace is meant only the neural sub- 
Strate of retention, whatever this may be.) Some decay 
Mathe trace is assumed to be compatible with reliable 
enll == Just as partial fading of print may be com- 
Bible with perfect legibility. But recall will cease 
Mmomec relyable if decay of the trace proceeds beyond a 
emc ical level .... The hypothesis of rapid decay of 
the memory trace, however, also provides a possible 
Semution to (problems of origin and nature of the 
immediate memory span, and why we forget when this span 
is exceeded: author's note) ... and one which has the 
Merit of simplicity. Ihe hypothesis leads to a theory 
of the memory span which in outline runs as follows: 
mien a sequence of items is presented, the interval 
between the perception of each item ana the attempt to 
recall that item will depend on the length of the 
sequence. If the sequence exceeds a certain length, 
decay of the memory traces of some of the items will 
meeceed too far for accurate recall of the sequence to 
be possible. This length is the memory span. Thus 
the trace-decay hypothesis can explain both the origin 
of the span and why forgetting occurs when the span is 
exceeded." 


Opposition to Brown's decay theory has come from 
interference theorists. Interference theorists support 
Studies that attribute loss of material from the short term 
mempro-active and retro-active inhibition. Pro-active inh!- 
bition is defined as interference with required performance 


caused by material learned or remembered prior to the time 
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of the required performance. Retro-active inhibition refers 
to interference with required performance caused by material 
mearned or remembered subsequent to learning the original 
required response. 

Norman and Welford attacked the decay theory 
on differing grounds. Welford cites experimental evidence 
Withered by a number of researchers and states: 


an eilection ... the evidence (for Brown's theory: 
author's note) is unconvincing. One would expect that, 
if time alone was important, halving the rate of presen- 
Wacon and reproduction (of digits) would have the span. 
NES it clearly does not do. What is more, a number of 
studies have found that memory span falis rather than 
rises with increased rate of presentation." 


Memtord stated that time, by itself, may prove to be an 
"unnecessary" cause of the limitation of the short term 
memory span. 

Norman made the following statement: 


NON Course very difficult to distinguish a 
theory which postulates decay caused by interference, 
primarily because it is not possible to do the one 
wt ical experiment which everyone would accept. The 
Sni tical experiment would be to present material to a 
subject, have him do nothing for some period of time, 
emda then test his retention of the items. The inter- 
ference theorist would predict no loss; the time 
mmeOrist would predict substantial loss. The catch is 
Mat it is not possible for a subject to ‘do nothing’. 
memearsal, thinking, conscious and unconscious processes 
meee Occur continually. There is no simple switch we 
mam throw to turn a subject 'off' for a short period of 
time. Who is to say, then, whether any decay in memory 
is a result of the passage of time or activity?" 


c. Serial Short Term Memory 
Serial short term memory tasks are defined as 
tasks involving continuous presentation and retrieval 


(Fitts and Posner, 1967). Fitts and Posner illustrated two 
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general methods employed in studying serial STM. The first 
is the running memory span method in which subjects recall 
items presented in continuous series. Recall is made of as 
many items as possible in the series on the experimenter's 
Signal. Another method of testing the running memory span 
is for the subject to recall specific items from a continu- 
ously presented list. The second method involves the subject 
responding, as in typing, to a list presented in which there 
must naturally occur a lag between stimulus and response. 
A number of experimenters have studied serial 
eer. among them Pollack, et al., and Poulton (both cited in 
Fitts and Posner); and Kay as reported in Welford (1968). 
Pollack's group found that, on a running memory task, subjects 
could recall the last three or four items of a list that 
was terminated suddenly. Poulton found the following results, 
muoto d from Fitts and Posner: : 
"Subjects printed the words they heard from tape 

recordings. The speed was increased so that the sub- 

gects fell farther and farther behind as they worked. 

Instructions were to go as far as possible, then skip 

pick up the dictation at a later point. The experi- 

menter measured how far behind the subjects were able 

to lag before they had to skip. The results showed that 

on a first hearing, the best peformance for a group of 

subjects averaged about thirty-five letters, while the 

Mest subject attained a span of fifty-four correct 

Mectters.'" 
Kay used a task similar to that used by Poulton (1963) but 
with different apparatus. The results obtained were similar 
Mmemroulton's: a subject trying to recall a stimulus pre- 


sented more than three back in a series (at fixed pace) had 


great difficulty. Both experimenters attributed poor 
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Er rformance on such tasks to lack of ability to rehearse 
items to be remembered. This is presumed due to interven- 
tion of additional stimulus items to be remembered. 

There is a difference between serial STM and the 
types Of SIM tested by retention of individual items or 
items in blocks. The serial memory task was employed in the 
experiment reported in the present paper as well as in 
Poulton's (1974) experiment. The present research is based 


om Poulton's work. 


eee TEE PRESENT PURPOSE 

Mp resent experiment was designed to test the hypothe- 
sis that there is no effect (decrement) in performance of 
Subjects on a short term memory task caused by progressive 
effects of breathing 109 percent oxygen. The methods and 
procedures were similar to those used by Poulton (1974). 
wni on's experiment was conducted to determine the cause 
of failure of men to follow procedures in emergency escapes 
Mon submarines. Part of the procedure was tor men to carry 
out a sequence of actions while breathing 100 percent oxygen 
from a portable oxygen bottle. It was supposed, as a possi- 
Batity for the failures, that men would forget some step or 
steps in the sequence, or that they would perform the steps 
in the wrong order. A possibility for this confusion was 
Mme use of pure oxygen. The results of Poulton's experiment 
showed that breathing pure oxygen for as little as eight 
Mentes caused a statistically significant decrement in per- 


formance of a difficult short term memory task. 
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tre present experiment subjects breathed 100 percent 
oxygen while performing a serial short term memory task. 
The task was for subjects to remember symbols presented in 
a random sequence. The sequence speed was controlled by the 
subject (subject paced). The lag conditions were similar 
to those used by Poulton. The stimuli, four different 
symbols, were presented on a testing device called Response 
Analysis Tester (RATER). The device will be discussed later. 

A pre-experiment was conducted to determine whether 
colors or symbols should be used as stimuli in the main 
experiment. If a significant difference were found in 
subject's performance between colors and symbols, the choice 
of stimuli would be the set that provided the most difficulty. 
If no difference were found then the choice would be symbols 
Since symbols are more widely used than colors in military 
computer-generated aircraft displays. Other purposes of 
the pre-experiment were: to test the adequacy of taped 
mistructions to the subjects; to ensure that the timing 
sequence of the experiment was appropriate; and to ensure 
that subjects could adequately perform the experimental 
conditions. Procedures were identical to those used in the 
main experiment with the exception that oxygen was not used. 

Fourteen subjects were employed in the pre-experiment, 
seven each using colors and symbols. The results indicated 
no significant difference in subject's ability to perform 
mie task between colors and symbols. Thus the choice of 


stimuli for the main experiment was symbols. 
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Weempurpose for conducting this study should be clear 
when it is understood that pilcts and crewmen of all 
military jet aircraft are supplied with 100 percent oxygen 
eon the duration of their flights: i.e., periods ranging 
mon one hour to four or five hours or more. If breathing 
100 percent oxygen caused adverse effects on short term 
memory over eight minutes, this fact should be clearly 
tablished and action taken to correct this potentially 
destructive situation. The present experiment was designed 
to test for the adverse effects of oxygen on short term 


memory. 
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ee em MODs 


foe DESIGN 

Data from the present experiment was analyzed according 
to a three-way factorial analysis of variance (ANOVA) with 
mepeated measures on two factors (Winer, 1962, pp. 319-337). 
ire three main factors were oxygen conditions (2 levels), 
memays (3 levels) and trial sets (3 levels). Figure 1 is 
a conceptual model of the experiment. 

The dependent variable for the study was a "percent 
memrect Score, 1.¢€., number of correct responses divided 
by number of total responses. Percent correct was used 
since a measure of subject accuracy was desired. 

The subjects were divided into two groups, one using 100 
percent oxygen during all trials and delays, the other using 
Secomnary air. There were eighteen subjects in each group. 
Subjects were assigned to the oxygen and air groups by randon 
selection after isolating them into four distinct experiential 
Maps". ihe experiential groups were based on experience 
with an oxygen mask (pilots of jet and propellor driven 
aircraft), previous use of 100 percent oxygen and nation- 
Be. Table I is a listing of the groups and the numbers 
wlthin each group. 

As a final control measure the average age of each group 
was equalized. The average age of the groups were: oxygen 


foun, 30.40 years; alr group, 30.08 years. 
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Figure 1: Conceptual Model of the Experiment 


GROUP TOTAL OXYGEN GROUP AIR GROUP 
Jet Palots 7 3 | 4 
op Pilots 9 4 5 
U.S. Army/Navy Surface 11 6 5 
Foreign 9 5 4 
TOTAL 36 18 18 


INDIE ts Subject Categories and Assignment 
to Experimental Conditions 


Pee SUBJECTS 
The subjects for the experiment were 36 male students 
from the Naval Postgraduate School. Subjects ranged in age 


mom 26 to 40 years. Each subject was required to participate 
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in the experiment as part of the course completion require- 
ments in OA-3657 (Human Factors in Systems Design I). They 
were not compensated for their time. Subjects were told that 
the purpose of the experiment was to determine the effect of 
wearing an oxygen mask on performance. It was considered 
necessary to tell the subjects that they may be using oxygen 
due to unequal previous experience. Judging from comments 
made by subjects during the data collection none of them 
correctly guessed the real purpose of the experiment, nor 


were they aware cf whether they were using air or oxygen. 


C. STIMULI AND APPARATUS 

i Oxygen Equipment 

The oxygen apparatus used is standard Navy equipment. 

ime Mask was a pressure breathing oxygen mask MS 22001-6, 
manufactured by Sierra Engineering Company. Two sizes of 
masks were available for use, medium and large. The oxygen 
regulator was an automatic positive pressure diluter demand 
type, manufactured by Bendix Aviation Corporation. The 
regulator has two settings for oxygen, normal and 100 per- 
cent. The regulator was set to 100 percent for the duration 
of the experiment. Normal breathing air was fed from an 
air bottle through the oxygen regulator to the mask. Oxygen 
was fed from oxygen tanks through the regulator to the mask. 
The mask was held onto the face of the subject with standard 


Mustin gs attached to a cup on the mask, and then to a helmet 





MD the subject. The helmets were ordinary flight 
helmets worn by crews of military aircraft. 
2. Miniaturized Response Analysis Tester (RATER) 

The experimental device used was the Response Analysis 
Tester (RATER), Model 3. The device, built by General 
Dynamics Convair Division, is a psychomotor testing instru- 
ment designed to provide reliable measurement of impairment 
of response speed/accuracy and short term memory for 
Mieeerned Or Colored stimuli. The basic task required the 
subject to press the correct response button for each of 
four symbols. The symbols were automatically displayed in 
continuous random sequence. A card indicating the correct 
response buttons was placed under the response button panel 
aaa remained in place throughout the experiment. Total 
responses and correct responses were determined from counters 
mietalled in the control unit. 

Figures 2, 3, 4 and 5 are photographs of the equip- 
ment used during the experiment. The symbols presented by 
the RATER were a plus sign, a diamond, a triangle and a 
circle. The symbols were white colored and were presented 


against a dark background. 


BEZZPROCEDURE 

The experiment was conducted in the Man-Machine Systems 
Design Laboratory at the Naval Postgraduate School. Subjects 
were required to perform three experimental delay conditions. 


Each of the three delay conditions was performed on separate 


28 








Meemre 2: Setup of the RATER Control Unit 
with Oxygen and Air Tanks Outside 
terio fon Bocth 





Figure 3: The Oxygen/Air Regulator Mounted 
above the Oxygen Bottles 








Wi cure 4: 


The RATER display unit, with 
inter-communication box, oxygen 
mask and helmet. 





Figure 5: A Subject Seated at the RATER 
Display Unit Wearing Helmet 
and Mask 
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Bays tO prevent residual effects of oxygen from affecting 
performance of subjects for more than the desired experi- 
mental time. 

Ense iirst day each subject received practice in each 
delay condition (1 to 3) in addition to a familiarization 
session. During the familiarization session a condition 
called delay 0 was performed. In delay 0 the subject 
Mn onded to the symbol that was currently displayed. The 
two minute work periods at each delay condition were 
separated by two minute rest periods. During this time the 
Subject received instructions for the next work period. 

The oxygen mask was not worn during practice sessions. 

Following the initial practice session each subject was 
Men two additional two minute practice sessions perform- 
ing the delay condition specified for that day. This was 
to build proficiency at the task. Then the mask was donned 
and either air or oxygen was supplied while the subject 
performed three work sessions at the specified delay condi- 
tion. Each work session was separated by a two minute rest 
period. Thus subjects were exposed to pure oxygen for a 
total of 12 minutes. A diagram of the sequence of the 


experimental sessions is included in Figure 6. 


| Practice | Rest Work Rest | Work | Rest | Work | 


HA 2 mins—H2 mins—+ 2 mins +2 mins —— 2 mins —/-—2 mins 


 - A Minutes -——  ——_— —_-——— 


Sure 6: Sequence of Experimental Sessions 
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Performance of delay conditions was randomized for each 
ect on each day: i.e., one third started on the first 
Mey with delay 1, one third with delay 2, and one third with 
May 5, etc. The order of delay presentations for each 
subject was also randomized. Through randomization it was 
meped that uniformity of performance on all variables other 
than the dependent variable would be achieved. 

Siete three days of the subjects’ participation in the 
experiment the basic time sequence described in Figure 6 was 
lowed. Each subject received two-2 minute practice 
sessions on the delay condition specified for a given day. 

A description of the subjects' task on each delay condition 
follows. 

lee Delay 1 

The subject first viewed an amber "ready" light for 
three seconds, followed simultaneously by a green "test" 
meen and the first symbol. This symbol was present for one- 
and-one-half seconds. The subject was instructed not to 
respond to the first symbol at this time, but to delay 
response until the next symbol appeared. The next symbol 
Meamaisplayed for an indefinite period of time until the 
@emrect response to the first symbol was made. The present 
symbol would dim momentarily indicating a correct response, 
then the next symbol would automatically appear. If an 
incorrect response were made the symbol maintained its 
wina] intensity indicating an incorrect response. This 


sequence was maintained for a two minute period. 
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epee Delay 2 


Delay 2 was similar to delay 1 expect that the sub- 
ject first viewed two symbols for fixed periods of one-and- 
one-half seconds each. No response was to be made until 
the third symbol appeared. At this time the subject was tc 
respond to the first symbol displayed, and when the fourth 
symbol appeared the subject was to respond to the second 
symbol, and so on for a two minute period. 

“S Delay 5 

Delay 3 was similar to delays 1 and 2 except that 
the subject viewed three symbols for fixed periods of one- 
and-one-half seconds each. When the fourth symbol appeared 
subject was to respond to the first one displayed, and when 
the fifth symbol appeared subject was to respond to the 
second one displayed, and so on for a two minute period. 

The instructions to the subjects were taped so that 
each subject received identical instructions. The instruc- 


tions are included in Appendix A. 





LINNE SETS 


The results indicated no sigmficant difference between 
Meeathing 100 percent oxygen and breathing air for a period 
of 12 minutes. This result was consistent in all three 
delay conditions. The ANOVA table is included in Table II. 

Results of a Duncan Multiple Range test performed on the 
means of the delay conditions showed significant difference 
between all means beyond the .01 level. This result can be 
seen graphically in Figure 7. It is noted that differences 
between air and oxygen treatments at each delay condition 
meemnearly non-existent over the 12 minute periods. Differ- 


ences between delays are marked. 
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Percent Correct Responses 


Figure 7 
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SOURCE diia 
Between Subjects 35 
Oxygen 1 
Error | 34 
Manin Subjects 288 
Delays 2 
Trials 2 
O x D Z 
Ox T Z 
px T 4 
Dx D xT 4 


ror (O x D x Subj) 68 
Error (T x Subj) 68 


Wmr or (Dx T x Subj) 136 


TOTAL 325 
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ANOVA Table for the Main Experiment 
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TRIAL 1 TRIAL 2 TRIAL 3 OVERALL 
MEAN S.D. | MEAN S.D. 
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Dt 193.11 
GEN D-2| 89.67 | 25. 
| D-3! 82.89 | 30. 
f ME 118.89 131.72 
AIR Don 91.28 | 31.77 
| peor 78.50 | 26.98 
Table III: Mean and Standard Deviation of Total Responses 
TRIAL 1 | TRIAL 2 TRIAL 3 OVERALL 
MEAN S.D. | MEAN SD). MEAN S PDA MEAN SSDL 
Der 116.44 | $4.99 125.72 125.13 138.46 | 
# D-2| 69.17 | 2u.58 70.33 | 23.93 71.81 [24.27 
117.19 .22 51.02 117.38 | 
E 113.94 | 31.74 IO sa 
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zz 21.37 
39 | 13.60 


71.33 122.15 
44,94 115.11 


Table IV: Mean and Standard Deviation of Correct Responses 












| TRIAL 1 TRIAL 2 TRIAL 3 OVERALL 
| MEAN S.D. MEAN S.D. | MEAN Se MEAN SaD: 
94.66 | 6.93 
75.95 | 14.61 
54.94 | 12.87 
95. 472 
S 14.41 
Bem? | 13.16 





Table V: Mean and Standard Deviation of Percent Correct Responses 
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IV eT SCUSSt ON 


The results indicated no decrement in short term memory 
while breathing 100 percent oxygen in the present experiment. 
The result is contrary to results obtained by Poulton (1974). 
The explanation for this difference is not easy to interpret. 
meepossible explanation may be that Poulton's discussion of 
test results with subjects influenced their performance. 

Regarding task sufficiency, Poulton points out that a 
difficult task is required to demonstrate deterioration of 
STM due to oxygen. The task required by the RATER is com- 
merable in difficulty to the task required by Poulton's 
Wisaa tus. The level of difficulty of delay 3 met the re- 
Amm ements stated by Poulton (1964): i.e., average perform- 
ance was near 50 percent for both control and experimental 
groups. 

The percent correct figures for the present experiment 
compare favorably with those of Kay (1953) as reported by 
Welford (1968), and those of Mackworth and Mackworth (1959) 
mathe slow speed. Kay, using a fixed pace task (1.5 seconds 
between stimulus presentations), had subjects facing a row 
Of 12 light bulbs with a Morse key directly under each 
Zieht. The keys were numbered 1-12 in order. Subjects 
responded to the stimulus just presented, or to the one 
prior to the one just presented, and so on. In the most 


difficult condition subjects responded to the stimulus that 


CA 
CO 


was present four back from the one currently displayed. 


Kay's results are summarized in Table VI. 


l-Back 2 Back DE ba el 4-Back 
J5 67 47 35 
Table VI: Percent Correct Responses out of a Total of 


Dombyaseszsubjeets. Results of Kay (1953) 


Mackworth and Mackworth (1959) studied the number of items 
subjects could simultaneously remember in a continuous task 
Similar to that of the RATER. The pace was fixed by the 
experimenter with two speeds studied: fast (responses re- 
quired every 1.5 seconds) and slow (responses required every 
3.0 seconds). The subject was required to remember previous 
stimuli presented in delays of 1, 2, 3 and 4 stimuli back in 


manner similar to Kay's experiment. Table VII contains 


Mackworth and Mackworth's results. 


Speed 1-Back 2-Back 3-Back  4-Back 


Fast 6 7 58 ll 26 
Slow 97 TV 53 52 


Table VII: Percent Correct Responses, from 
Mackworth and Mackworth (1959) 


Of interest in the present experiment is the response 


memes of Subjects in the self-pace mode. Average correct 
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response rates are listed in Table VIII for each delay con- 
dition in the oxygen and air groups. Such information pro- 


vides an indication of the difficulty of each task. 


_Delay 1 a eee E 


Oxy gen 0.96 107 2295 
Air 0.98 1.68 2.67 


Eole VITI: Average Correct Response Rates, in Seconds 


Post hoc analyses were performed using other indicants 
ot the dependent variable. One indicant used successfully 
Ma ldei1sen, et al. (1967) involves subtracting twice the 
number of errors committed from the number of correct 
Mesponses. The method is a means Of correcting for subjects 
who stress speed over accuracy, or vice versa. The results 
of the 3-way factorial analysis of variance (the same design 
used with the percent correct data) performed on the data 
entrained by this method were similar to those using percent 
correct: i.e., differences between delays were found 
Significant at the .01 level. No other factors (trials or 
oxygen condition) were significant, nor were the inter- 
@etions. Thus greater confidence is warranted in the results 
of the present experiment as a result of this finding. 


Figure 8 presents the graphical results of this conclusion. 
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A second post hoc analysis involved use of an arcsine 
transformation to convert the raw percentage scores into 
Enans (Winer, 1962, p. 221). Three way factorial analysis 
of variance (the same design used above) performed on the 
radians indicated similar results to those obtained using 
the previous two methods: i.e., delays were significantly 
E ferent at the .005 level. No other significant differ- 
ences were found. 

Since Poulton's (1974) experiment was conducted fixed 
pace, it may be that different results could be obtained if 
the present experiment were performed using fixed pacing. 
This is an area requiring further study. Considering the 
tasks of military jet pilots who use 100 percent oxygen 
continuously while in the air, self pacing of responses to 
information presented is more likely the manner in which 
responses are operationally made than in a fixed pace 
Manner. Therefore the results of the present experiment 
snould be predictive of performance in the actual operating 
environment. 

A 2 way anlaysis of variance with repeated measures on 
@me factor (Winer, 1962, pp. 302-318) was performed comparing 
four subjects who verbally rehearsed aloud with four who did 
not. The main factors were verbal rehearsal aloud/no verbal 
rehearsal aloud, and delays. No significant difference was 
found between subjects who verbally rehearsed aloud and 
those who did not. Although subjects were not asked whether 


they rehearsed sub-vocally, it was of interest to observe that 
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spoken rehearsal did not seem to affect performance on 
this task. 

Performance of this task in each delay condition was 
apparently atfected by pro-active inhibition. The inhibi- 
meen Caused greatest interference in the delay 3 condition. 
meo-active inhibition may account for the significant dif- 
ference in performance between delay conditions. Subjects 
reported difficulty in performing the tasks if the sequence 
of symbols was forgotten. The most often reported cause 
of forgetting was confusion between signals presented and 
those to be remembered. A number of subjects used runs of 
the same symbol to help pick up the sequence. Other subjects 
found runs of the same symbol more contusing than helpful. 
The reason for this difference between subjects is unknown. 

Observation of the graphs for the oxygen treatments in 
the delay conditions (Figures 7 and 8) indicates that the 
curves for oxygen-breathing subjects tend upward from the 
8 minute point to the 12 minute point. The upward trend may 
Ben initial sign that performance, although not statisti- 
emy significant, improved in all cases with increased use 
WiNoxy gen. The trend was not indicated in all cases in the 
air treatment. It could be that breathing pure oxygen 
lessened fatigue and facilitated performance in a manner 
Similar to that described by Dunn (1962) and Bills (1937). 
The conclusion must be hypothesized, however, since it is 


not borne out statistically. Further study with increased 


Ja 
UN 





periods 
whether 
on this 


The 


of breathing pure oxygen is required to determine 
the oxygen has a significantly facilitating effect 
task. 


results of the present experiment indicate that 


there seems little cause for alarm concerning toxic effects 


of breathing pure oxygen in this type of experiment. 
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APPENDIX A 


INSTRUCTIONS TO SUBJECTS 


The following instructions were adapted from Long and 
Fishburne (1973). The instructions were taped so that each 
muomject received identical instructions for each delay 


Ksondition. 


EA ENSTRUCTIONS TO SUBJECTS FOR DELAY 0 

AER a test ol your psychomotor skill. Four dif- 
ferent symbols (a plus sign, a circle, a triangle and a 
diamond) will appear in a continuous random series in the 
viewing window. Each of the four response buttons below the 
Viewing window corresponds to one of the four symbols. Your 
task is to respond to each symbol as it appears by pressing 
the corresponding correct button. 

When you press the correct button for the particular 
symbol, the symbol will dim and upon releasing the button 
another symbol will immediately appear. If you press an 
m@eorrect button, the symbol will not change but an error 
mae be recorded. Continue trying to make the correct 
response until you obtain the dimming indication and the 
next symbol appears. 

Try to be as fast, but as accurate as you can. Press 
only one button at a time. If you press more than one 


button simultaneously, an error will be recorded automatically. 
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You will be given a series of practice trials in Raich te 
learn the correct button for each symbol. 

enber that the sequence of the symbols is completely 
random. Runs of the same symbol may occur. Do not tr yo 
anticipate which symbol will appear next. 

Place the thumb and forefinger of each hand on the 
response buttons. Maintain this position throughout each 
trial. Watch for the Ready light. A trial begins three 
seconds later when the Test light comes on. Begin respond- 
ing when the first symbol appears and continue to respond 
Besuche Test light goes off. Each trial will last 2 min- 
utes, followed by a 2 minute rest period. Do you have any 


questions on this procedure? 


INSTRUCTIONS TO SUBJECTS FOR DELAY 1 

Now that you know how to operate the RATER in the self- 
pace mode, you are ready for a new kind of problem which is 
called the delay mode. In the delay mode, your task is to 
note the symbols as they are presented but to delay your 
response until one or more symbols have intervened. You 
will be told how long to delay your response. For example, 
With a one-symbol delay in the selfpace mode, a symbol will 
emear which you should note and remember. When the next 
Symbol appears, your response should be the normal correct 
response to the previous symbol, no longer present. At the 
Same time, note the symbol present since it will determine 


Mer correct response for the next interval. In other words, 
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you are responding in a continuous sequence as before, EUC PT 
that you are delaying, or shifting, your sequences of 
responses by one symbol. The same principle applies for 
delays of two, three and four symbols which you may be asked 
to learn after you have mastered the one-symbol delay. To 
start responding in the delay mode, you must view one or more 
symbols prior to your first response. In the selfpace mode, 
RATER presents the required number of symbols and then holds 
the foilowing symbol until you make your first correct 
delayed response. 

Inte first set of trials we will do now, you are to 
respond to the symbol that was present just before the one 
mete is on now. In this case the first symbol will appear 
and will be on for one-and-one-half seconds, followed by the 

« second symbol. The second symbol will be displayed for an 
indefinite period of time untii you respond correctly to the 
first one that was displayed. Then the third symbol will 
appear, and then you must respond to the second one that was 
on; and sc on, so that you are always responding one back 
from the one that is presently displayed. 


Do you have any questions on the next set of trials? 


See INSTRUCTIONS TO SUBJECTS FOR DELAY 2 

In this next set of trials your task is to respond to 
the symbol that was displayed two back from the one that is 
@@rrently displayed. In this case you will see the first 
symbol for one-and-one-half seconds, followed by the second 


symbol for one-and-one-half seconds, and then the third one 
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Will appear. When the third one appears you respond to the 
first one that was presented. And when the fourth one 
appears you respond to the second one that was presented; 
and sc on, so that you are always responding two back from 
Me One currently displayed. 

You are reminded that you are to respond as accurately 
but as rapidly as possible. Do not try to emphasize either 
speed or accuracy, but try to work for a good combination 
of both. 


Do you have any questions on the next set of trials? 


ENS TRUCTIONS TO SUBJECTS FOR DELAY 3 

On the next set of trials you are to respond to the 
symbol that was present three back from the one that is 
eurrently E layed. In this case you will see the first 
symbol for one-and-one-half seconds, followed by the second 
symbol for one-and-one-half seconds, and the third symbol 
for one-and-one-half seconds, and then the fourth symbol will 
appear. When the fourth symbol is on you are to respond to 
the first one that was displayed. And when the fifth one 
comes on you respond to the second one that was displayed; 
and so on, so that you are always responding three back from 
the one that is currently displayed. 


Do you have any questions on this set of instructions? 
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